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(g) Particulate matsrlal comprising a platinum-containing hydrosllylalion catalyst and a slfioone resin. 

® Tills invention provides a platinum-containing hydrosllyiation catalyst in particulate form with an average 
particle size not exceeding 100 micronjeters. The particles also contain a silicone resin having a softenlhg point 
of from 50 to 200 degrees Centigrade. The Improvement resides In the presence of a surface layer In said 
particles that is essentially free of the platinum-containing catalyst. As a consequence of this structure, when the 
catelyst composition Is used as the curing catalyst in a hydrosllylation-curing organopolyslioxane composition, 
the composition diaracterlsticaliy exhibits an excellent storage stabtlily while still curing rapidly upon heating. 
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PARTICULATE MATERIAL COMPRISING A PLATJNUM-CONTAININQ HYDROS! LYLATION CATALYST AND 

A SILICONE RESIN 



The present Invention relates to a composition in particulate fonnn comprising a platinum-containing 

hydrosilylatlon reaction catalyst. More particularly, the present invention relates to a particulate form of a 
platinum-containing iiydrosilylation catalyst that will not cause premature curing when incorporated into 
organopolyslloxane compositions wiiicii cure by a iiydrosilylation reaction, 

5 One obj'ectlve of tlie present Invention Is to provide a platinum-type tiydrosiiyiatlon catalyst in 
particulate form. Wiien used as the curing catalyst in a hydrosilylatlon-curing organopolysiloxane composi- 
tion, this catalyst composition provides an excellent storage stability while Inducing a rapid curing upon 
heating. A second objective is to provide a relatively simple metiiod for the preparation of said particulate. 
In accordance with the present invention a particulate composition comprising a platinum-containing 

10 hydrosiiyiatlon catalyst and a silicone resin having a softening point of from 50 to aoo" C. Is washed with a 
liquid that is a solvent for «ie catalyst but not for the resin. The average size of the particulate does not 
exceed 100 micrometers. 

This Invention provides an improved particulate composition comprising a platinum-containing 
hydrosilylatlon reaction catalyst dispersed in a solid silicone resin having a softening point within the 
IS temperature range of from 50 to 200 degrees Centigrade. The Improvement comprises an average particle 
diameter for said particulate not exceeding 100 micrometers and the essential absence of said catalyst in 
the surface layer of said particulate. 

The characterizing features of the present catalyst composition are 1) an average particle size of loss 
than 100 microns, and 2) the substantial absence of catalyst In the surface layer of the particulate material. 
a<j The latter is achieved by washing the particulate material In a liquid that is a solvent for the catalyst but not 
for tlie resin. 

The silicone resin used in the present compositions must have a softening point in the range of from 50 
to 200 degrees Centigrade. A softening point below 50 degrees Centigrade will result in a substantial 
reduction In storage stability after addition to the hydrosilylatlon-curing organopolysiloxane composition. At 
26 softening points in excess of 200 degrees Centigrade, the minimum tsmperature at which catalytic activity 
appears becomes too high, and the function as a catalyst Is essentially not realized. Viewed from these 
standpoints, the softening temperature of the silicone resin is preferably from 70 to 150 degrees Centigrade. 

The molecular and chemical sfructure of the silicone resin are not particularly crucial. However, it is 
essential that this re«ln not be permeable with respect to the platinum-oontalnlng hydrosilylatlon catalyst. 
30 Furthermore, when used as a curing catalyst for organopolysiloxane compositions that cure by a 
hyd rosily iailon reaction, It Is also essential that the silicone resin be Insoluble in the organopolysiloxane 
Ingredients of the composition to which the present catalyst composition Is added, 

Suitable slliccme resins Include but are not limited to those of the following average unit formula 
Ra8I0(4-a)/2 

35 where R represents a methyl radical, a phenyl radical or mixtures thereof and the value of a is from 0,8 to 
1,8. 

Examples of platinum-containing hydrosilylatlon reaction catalysts suitable for use in (he present 
compositions include but are not limited to metals from the platinum group of the periodic table, 
compounds of these metals, and compositions based on these metals and compounds. It should be 
40 understood that other metals from the platinum group of the periodic table, such as palladium and rhodium, 
can be substituted for platinum. Specific examples of piatinum-contalning hydrosilylatlon reaction catalysts 
are finely divided platinum, chloroplatlnic acid, alcohol-modified chloroplatlnic acid. platlnum/dil<etone 
complexes, platlnum/oiefln complexes, chloroplatlnic acid/alkenylsHoxane complexes, and any of these 
catalysts supported on a carrier sucli as alumina, silica, caiton black, and the like. Among these, 
45 platinum/olefin complexes and chloroplatlnic acid/alkenylsiloxane complexes are preferred for their high 
catalytic activity as hydrosilylatlon reaction catalysts. The platlnum/alkenylsiioxane complexes described in 
Japanese Patent Publication Number 42-22924 (22,924/67] are particularly preferred. 

It is essential that the average diameter of the particles in the present compositions not exceed 1 00 
micrometers In order for the catalytic activity to develop satisfactorily" and in order to maintain a stable 
so dispersion in the presence of the curable organopolysiloxane compositions. 

The concentration of catalyst In the present compositions is preferably equivalent to a platinum 
concentration of from 0.01 to 5 W6ight%. 

The structure of the particulate material that constitutes ttie present composition is characterized by a 
silicone r&sin/catalyst mixture encapsulated by a layer of silicone resin which Is essentially free of catalyst. 
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As a consequence of this slructure. organopoiyslloxane compositions curable by a hydrosiiylation reaction 
which coritain the present catalyst compositions display excellent storage stability. 

In accfflfdance with the present method for preparing cat^yst compositions, particles having diameters 
not exceeding 100 micrometers and comprising a mixture of a silicone resin having a softening point of 

6 from 50 to 200° C. and a platinum-containing hydrosiiylation catalyst are washed with a liquid which is a 
solvent for the piafinum-containing hydrosiiylation reaction catalyst and a non-solvent for said silicone resin. 

The procedure used to prepare the mixture of silicone resin with softening point of from 50 to 200" C. 
and the platinum-containing hydifosiiylation catalyst Is not particularly critical. Any of the methods l<nown in 
the art can be used, so long as the average diameter of the resultant particles does not exceed 100 

10 micrometers. These methods include mixing a silicone resin and platinum-type hydrosiiylation catalyst on a 
hot roll as disclosed in Laid Open Japanese Patent Application Number 49-134736, and the method 
disclosed in United States Patent No. 4.481,341. in accordance with the latter method, silicone resin and a 
platinum containing hydrosiiylation reaction catalyst are dissolved In a co-solvent, and this co-solvent is 
subsequently removed by evaporation. Procedures for preparing a particulate from such mixtures Include 

)6 but are not limited to grinding and pulverization of solid mixtures using mechanical means as well as 
methods in which a solution of the mixture is Introduced into spray drier. 

A preferred method for preparing the present compositions comprises the following process (A), 
process (B), and process (C). 

(A) preparing a solution of a platinum-containing hydrosiiylation reaction catalyst and silicone resin 
20 with a softening point in the temperature range of 50 to 200 degrees Centigrade by dissolving said silicone 

resin and the catalyst In waler-lmmisclble liquid In which the silicone resin and Ihe platinum-containing 
catalyst are both soluble, and then preparing by adding the solution to surfactant-oontalnlng water while 
stirring or shaking the water. 

(B) Evaporating the water-immlsclble liquid from the aqueous dispersion at a temperature below the 
ts softening point of the silicone resin to obtain an aqueous dispersion of a particuiato comprising the silicone 

resin and the platinum-containing hydrosiiylation reaction catalyst, and then separating the particulate 
material from the aqueous dispersion. 

(G) Washing the particulate with a liquid in whidi said particulate Is washed with a liquid In which the 
platinum-containing hydrosiiylation catalyst is soluble and In which said silicone resin la not Insoluble. 

30 

To explain the preceding method steps In greater detail. In process (A) a homogeneous solution of 
silicone resin and platinum-containing hydrosiiylation reaction catalyst Is dispersed in microparticulate form 
In water to prepare an aqueous or water-based dispersion. The solvent used here should homogeneously 
dissolve both the silicone resin and the catalyst, and must also be Immiscible with water. Furthermore, In 

as order to facilitate removal of the solvent In process (B), it is preferred (hat the boiling point of this solvent at 
atmospheric pressure not exceed 100 degrees Centigrade, and it Is particularly preferred that Its boiling 
point be from 30 to 70 degrees Centigrade, 

Suitable solvents for process include but are not limited to methylene chloride, chloroform, 
tetrahydrofuran, and diethyl ether. The surfactant used here is not particularly crucial as long as It has the 

"» ability to generate a water-based dispersion, in emulsion or suspension form, of the solution of silicone resin 
and platinum-type hydrosiiylation reaction catalyst However, surfactants containing atoms such as sulfur 
and phosphorus which can cause a loss In the activity of the platinum-containing hydrosiiylation reaction 
catalyst should not be used. Suitable surfactants are exemplified by water-soluble polymeric organic 
compounds such as partially hydrolyzed polyvinyl alcohol. 

4S In process (B), the particulate formed In the water-based solvent dispersion generated by process (A) is 
separated and recovered. This particulate consists essentially of the silicone resin and piatinum-containing 
hydrosiiylation catalyst. Evaporative removal of the solvent from the recovered particulate material must be 
conducted at a temperature below the softening point of the silicone resin in order to avoid damage to the 
shape of the particuiato. Evaporative solvent removal can be efficiently carried out, for exampio, by iniecting 

60 an inert gas (e.g., nitrogen, etc.) into the water-based solvent dispersion at ambient or reduced pressure. 
Separation of the particulate from the water can be canrled out by filtration or centrifugal separation. 

In process (C), ttie surface of the particulate obtained by process steps (A) and (B) Is washed with a 
solvent In order to wash out and remove the platinum-containing hydrosiiylation reaction catalyst present in 
the surface layer of the particulate. This washing solvent must be capable of dissolving the hydrosiiylation 

65 reaction catalyst while at the same time not dissolving the silicone resin. Selection of a washing solvent is 
based on the type of platinum-containing hydrosiiylation reaction catalyst and. silicone resin actually used. 
One type of washing solvent Is an alcohol, particularly methyl alcohol or ethyl alcohol. Low molecular-weight 
organopolyslloxanes are very suitable when a platlnum/aikenylslloxane complex catalyst is used as the 
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hydrosilylation reaction catalyst. Among these, siloxane oligomers $ucli as iiexamettiyldisiloxane and cyciic 
slloxanes such as octamsthylcyclotetrasiloxane are particularly preferred. 

The purpose of the washing step can be satisfacliorlly achieved simply by dispersing the particulate 
comprising silicone resin and platinum-containing hydrosilylation reaction catalyst in a large quantity of the 
s washing solvent with stirring, following which the washing solvent Is removed by filtration. 

The efficiency of the stirring operation can be boosted using, for example, ultrasound and other known 
tecliniques, so i<Mig as these techniques do not cause a deterioration In the platinum-containing hydrosilyla- 
tion reaction catalyst or silicone resin. It is recommended that the wash temperature not exceed 30 degrees 
Centigrade. 

10 Evaporation of the residual washing solvent remaining following the filtration step yields a particulate 

catalyst composition of this Invention, 

The particulate platinum-containing hydrosilylation catalyst obtained using the preferred method of this 

Invention has a structure In which a mixture of silicone resin and a platinum-containing hydrosilylation 

reaction catalyst is encapsulated by a layer of silicone resin having a softening point of from 50 to 200 
IS degrees Centigrade and which is essentially free of catalyst. The particulate does not exhiljit catalytic 

activity with respect to hydrosilylation reactions at room temperature because the platinum-containing 

catalyst caniiol leak to the surface at these temperatures. Catalytic activity Is exhibited at temperatures 

above the silicone resin's softening point because the catalyst is able to bleed out of the particulate. 

Accordingly, the particulate composition of this invention Is an extremely effective curing agent or curing 
80 promoter (or single-package curable organopolyslloxane compositions wlilch must have long-term storage 

stability at room temperature. 

As an example, a thermosetting organopolyslloxane exhibiting an excellent storage stability is obtained 

by the addition of the particulate catalyst composition of ihis invention to a mixture comprising a 

diorganopoiysiloxane having at least two aikenyl radicals In each molecule and an amount ot an or- 
se ganohydrogenpoiy^Ioxane sufficient to crosslink the diorganopoiysiloxane. The particulate composition of 

the present Invention Is also effective as a curing agent for poiyether compositions comprising an 

organohydrogenpolysitoxane and a vinyl-terminated poiyether. 

The present invention is illustrated using the following examples, in the examples, the reported viscosity 

values are measured at 25 degrees Centigrade, and cp « centipoise. 

30 

Reference Example l 
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Preparation of a platlnum/vlnylslloxane complex catalyst 

160 g of 1.3-dlvinylt9tramethyldisiloxane and 32 g of chloroplatinic acid (H2PtGl6'6H20) were mixed 
and then blended with heating to 120 degrees Centigrade for 1 hour under a nitrogen current, A 
40 platlnum/vinyislioxane complex catalyst was obtained by removing the platinum black by-product by 
filtration and then removing the acid with a water wash. The platinum metal concentration In this catalyst 
was 4.26 weight%. 



4S Example l 



16.0 g silicone resin exhibiting a softening point of 110 degrees Centigrade and consisting essentially of 
dlphenyistloxane units, dimethylsiloxane units, and phenylslloxane units In a 12:21:67 molar ratio, respec- 

60 tlvely, Old 2.0 g of the plaflnum/vinylslloxano complex catalyst prepared as described in Reference 
Example 1 were dissolved in 330 g of methylene chloride. This methylene chloride solution was added to 
water containing 15 g of polyvinyl alcohol (Qosenol QL-05 from Nippon Qosei Kagaku Kogyo KabushikI 
Kalsha) while stirring the water In order to prepare a water-based dispersion of the methylene chloride- 
solution. The entire quantity of methylene chloride was then evaporated off by bubbling nitrogen gas Into 

ss this aqueous dispersion at 25 to 40 degrees Centigrade over 48 hours, thus yielding a suspension 
comprising a microflne solid dispersed In water. This suspension was placed In a centrifugal separator and 
the microflne solid was separated. Analysis of the obtained microflne solid revealed it to be a particulate 
with an average particle size of 7 micrometers containing 0.27 welght% platinum metal. 10 g of this powder 
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was washed once with water and was then placed in approximately SOO g methyl alcohol and washed with 
stirring. Analysis of the particulate after washing showed it to be a powder with an average particle size of 7 
micrometers containing 0,26 weighl% platinum metal. 

The properties of this particulate as a hydrosilylation reaction catalyst were investigated. 

8 A hydrosilylation-curing organopolysiloxane composition was prepared as follows: 100 g of a 
dimethylvinylsiloxy-terminated polydlmethylsHoxane having a viscosity of 1,500 centistokes (1.5x10-123 
m^/secO at 26 degrees Centigrade, and 20 g fumed siiica having a specific surface area of 200 m^/g and 
which had been previously hydrophobfcfzed with hexameithyldisitazane were mixed. This was followed by 
the addition with mixing to homogeneity of 2,8 g of a methylhydrogenpoiyslloxane represented by the 

70 average molecular formula 

Me38iO(Mo2SiO)3(MeH8IO)5SIMe3, 

0.21 g of the particulate ixepared as described in the first section of this example was then added to tOO g 
of the initial organopolysiloxane composition with mixing to homogeneity. The storage stability and thermal 
curing properties of the obtained curable organapolyslloxane composition were measured, and the obtained 

;s results are reported in Table 1. The following properties of the resultant composition were determined using 
a Cureistometer (Model 3) from the Toyo Baldwin C(»Dpany as indicators of the thermal curing properties: 
the time until initiation of curing of the organopoiysiloxane composition at 130 degrees Centigrade (i|) and 
the time to achieve 90% of the maximum torque value (Tgo). Storage stability was evaluated by allowing the 
organopolysiloxane composition to stand for 90 days at 25 degrees Centigrade, and determining the change 

ao in viscosity during this time period. For comparison an organopolysiloxane composition was prepared as 
doscMbed in the first portion of this example, but using a) Une platinum/aikenyislioxane complex catalyst 
obtdned In Reference Exampfe 1 or b) the powder describeici in the present example 1 prior to the methyl 
alcohol wash In place of the methyl alcohol-washed powder.^The concentration of platinum metal In both of 
(he comparative compositions was the same as that of the composition containing the methyl alcohol- 

28 washed powder. The curing properties and storage stability of these comparison compositions were also 
measured, and the results are reported in Table 1 as Comparison Example 1 and Comparison Example 2, 
respectively. 

TABLE 1 
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Example 1 


Comparison 
Example 1 


Comparison 
Example 2 








Type of Catalyst 




35 


Properties 


powder after 
methyl alcohol 
wash 


Pt/alkenyisiioxane 
complex catalyst 


powder before 
methyl alcohol wash 




curing properties 








40 


1, (seconds) 

Tgo (seconds) 


15 
240 


S 
10 


15 
240 




storage slability 








4S 
BO 


viscosity Immediately 
after preparation 
(centipoise) 
viscosity after 90 days 
(centipoise) 


3300 Cp 
5500 cp 


3300 cp 

not measurable 
(gelled after 5 
minutes) 


3300 cp 

not measurable 
(gelled after 5 days) 



Example 2 

55 

16.0 g of the silicone resin described in Example 1 and 12.0 g of the platinum/vinyleiloxane complex 
catalyst prepared as described in Reference Example 1 were dissolved in 330 g of methylene chloride. 
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Solid Hakes were recovered by the gradual removal of the methylene chloride by injecting nitrogen gas Irito 
this methylene chloride solution with stirring. This solid was ttien ground and littered through a 160 mesh 
filter to give a powder (1) with an average particle size of 10 micrometers. This particulate contained 0.42 
welghlVo platinum metal, it was then washed with methyl alcohol according to the procedure outlined In 
s Ex«imple 1 to yield a powdor (II) having an average particle size of 10 micrometers and containing 0.40 
weight% platinum metal. 

A curable organopolysiloxane composition was prepared by the addition, with mixing to homogeneity, of 
0.21 g of powder II to 100 g of the hydrosllylatlon-cirable organopolysiloxane composition prepared as 
d&scrlbed in Example 1. The storage stJ^liity and thermal curing properties of this curable organopolysiiox- 

w ane composition were determined using the methods described In Example l, and these results are 
reported in Table 2. The only change from the evaluation procedure described in Example 1 is that the 
viscosity was measured after 90 days rather than after 90 days. For comparative purposes the same 
curable organopolysiloxane composition was prepared using powder 1 in place of methyl alcohol-washed 
powder II. The amount of the powder 11 was equivalent to the same platinum metal content present in the 

j6 composition containing powder II. The storage stability and thermal curing properties of the resultant 
curable organopolysiloxane domposltlon were also measured, and the results are reported in Table 2 as 
Comparison Example 3. 

TABLE 2 
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Example 2 


Comparison Example 3 






type of catalyst 




property 


powder after- 
methyl alcohol 
wash 


powder before methyl alcohol wash 




curing properties 






30 


li (seconds) 
Tso (seconds) 


18 
260 


18 
260 




storage stability 






as 


viscosity Immediately after preparation 

viscosity after 60 days 


3300 cp 
5000 cp 


3300 Cp 

could not be measured (gelled after 2 days) 



Example 3 

40 

A catalyst composition was prepared by dissolving (1) 16.0 g of a silicone resin exhibiting a softening 
point of 110 degrees Centigrade and consisting essentially of diphenylsiloxane units, dlmethylsiloxane units, 
and phenylsiloxane units in a 22 ; 14 ; 64 molar ratio, and (2) 2.0 g of the piattlnumMnylslioxane complex 

49 catalyst prepared as described In Reference Example 1 In 330 g methylene chloride. This methylene 
chloride solution was added to water containing 15 g polyvinyl alcohol (Gosenol GL-05 from Nippon Gosel 
Kagaku Kogyo KabushikI Kaisha) while stirring the water In order to prepare a water-based dispersion of the 
methylene chloride solution. The entire quantity of methylene chloride was removed over 48 hours by 
Injecting nitrogen gas into this aqueous dispersion while maintaining the temperature of the composition at 

6Q from 25 to 40 degrees Centigrade. The resultant suspension of a microflne solid dispersed in water w^ 
placed In a centrifugal separator and the microflne particulate was separated. 10 g of the separated 
particulate material were washed once with water and was then washed by stirring together with approxi- 
mately 500 g of cyclic dimethyisiloxanes. The washed particulate was analyzed, and was found to be a 
powder with an average particle size of 7 micrometers containing 0.20 weight% platinum metal. 

ss The properties of this particulate as a hydrosliyiation reaction catalyst were then investigated using a 
curable composition prepared as follows: 

100 g o( a dimethylvinylslloxy-tennnlnated polydlmethylsiloxane exhibiting a viscosity of 1,500 csn- 
ttstokes and 20 g of fumed silica exhibiting a specific surface area of 200 m2/g that had been previously 
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hydrophobicized with hexamethyldisilazan© were mixed, and 2.8 g mathylhydrogenpolysHoxane with the 

average molecular formula 

Me3SiO(Me2SiO)3(MeHSiO)5SiMe3 

was then added with mixing to homogeneity to yield a hydrosilylatlon-curing organopolysiloxane composi- 
« tlon. 0,27 g of the particulate prepared above was added, with mixing to homogeneity, to 100 g of this 
oomposltlori. Tho storage stability and thermal curing properties of the resultant curable organopolysiioxane 
composition were measured as described In Example 1, and the result* are reported below. 



curing properties 




T90 (seconds) 


240 


storage stability 


viscosity immediately after preparation (centipolse) 
viscosity after 90 days (centipolse) 


3300 
4000 



Claims 

1. In a particulate composition comprising a platinum-containing hydrosilyiation reaction catalyst 
dispersed in a silicone resin having a soflening point within the temperature range of from 50 to 200 
degrees Centigrade, the improvennent comprising an average particle size for said particulate not exceeding 
100 micrometers and the essential absence of said catalyst in the surface layer of said particulate. 

2. A method for preparing a composition In particluiate form a comprising a platinum-containing 
hydrosilyiation catalyst dispersed In a silicone resin, said method comprising 

(A) preparing a solution comprising said catalyst, a silicone resin with a softening point of from 50 to 
200 degrees Centigrade and a water-immiscible solvent, 

(B) dispersing said solution in a mixture of water and a surfactant to form an aqueous dispersion 
while stirring or shaking said mixture 

(C) evaporating said solvent from said aqueous dispersion at a temperature below the softening point 
of said silicone resin to oljtain an aqueous dispersion of a particulate comprising said silicone resin and the 
platinum-containing hydrosilyiation reaction catalyst and separating said particulate from said aqueous 
dispersion, 

(D) washing said particulate with a liquid in which said catalyst Is soluble and said silicone resin is 
insoluble, and 

(E) isolating said particulate from said liquid. 
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